INTRODUCTION
Stimulation of plasma-membrane az-adrenoceptors by noradrenaline leads to a large and sustained rise in cytosolic free Ca2l concn. ( [Ca2+]1) in mammalian hepatocytes [1] [2] [3] [4] . It has been shown that monohydroxylated bile acids are able to reproduce these effects in rat and guinea-pig liver cells [5] [6] [7] . It is now clear that Ins(1,4,5)P, generated through the degradation of plasma-membrane Ptdlns(4,5)P2 mediates the release of Ca2+ from the internal stores. However, it was interesting to investigate whether we could induce a mobilization of the internal Ca2+ in the absence of InsPJ production. This was made possible by blocking the degradation of membrane PtdInsP2. A monoclonal antibody, kt3g, raised against PtdInsP2 has been produced in BALB/c mice [8, 9] . It has been successfully used to block mitogenesis in response to platelet-derived growth factor (PDGF) and bombesin in 3T3 cells [8] and the PDGF-induced rise in Ca2+ in rat vascular smooth-muscle cells [10] . We have investigated the effects of the anti-PtdInsP2 antibody on the noradrenalineinduced rise in the apamin-sensitive Ca2+-dependent K+ conductance in voltage-clamped guinea-pig hepatocytes, which has been shown to be a good monitor of the variations of [Ca2+] , near the plasma membrane [3, 11] . Our results show first, that intracellular perfusion of the anti-PtdInsP2 antibody is able to block the noradrenaline-evoked response, and second, that, in these conditions, an application of the bile acid can induce either fast or slow fluctuations of [Ca2+]1.
EXPERIMENTAL Materials
Collagenase was obtained from Worthington Biochemical Corp. All other reagents were of the highest purity commercially available and were obtained from Sigma or Boehringer Mannheim.
Methods
All the procedures utilized in this study described here, including cell preparation, cell incubation and whole-cell recording techniques were as described in [7] . Experiments were done in Cl--free conditions, with gluconate as substitute. The external solution contained (mM): sodium gluconate, 145; potassium gluconate, 5.6; CaSO4, 5; MgSO4, 1.2; NaH2PO4, 0.4; Hepes, 8 (pH 7.3). In Ca2+-free experiments, the external medium contained (mM): sodium gluconate, 149; potassium gluconate, 5.6; MgSO4, 3; NaH2PO4, 0.8; EGTA, 0.04; Hepes, 8 (pH 7.3). Patch pipettes contained (mM); potassium gluconate, 153; Na2ATP, 3; MgSO4, 3; Na2GTP, 0.3; Hepes, 8 (pH 7.3). The dish was continuously perfused, and hormones or drugs were added to the external medium. All solutions were sterilized by passage through 0.22 ,um-pore Millipore filters.
Photolysis was produced by the same procedure as in [11] .
Caged InsP3 [the 1-(nitrophenyl)ethyl ester of InsP3, esterified on position 4] was introduced into the cell via the patch pipette, allowing 2-3 min for equilibration. Photolysis was produced by a 1 ms pulse from a xenon arc flash-lamp [12] focused-to a spot of about 2 mm x 3 mm around the cell. The energy output of the lamp was set to produce approx. 10 % conversion of caged InsPJ into InsP3.
Characterization and purification of anti-PtdlnsP2 antibody
The mouse monoclonal anti-PtdInsP2 antibody designated as clone kt3g was obtained by immunization of BALB/c mice with PtdInsP2 from bovine spinal cords. The characterization and the specificity of this antibody were previously described in detail [8] . Briefly, the antibody kt3g, identified as IgG2b class, was found to bind to PtdInsP2 and to have no specific affinity for other phospholipids and for InsP3. The IgG2b fraction was further purified from ascites by using a Sepharose-Protein A column as described in [13] . [5] [6] [7] . In this experiment, the cell's ability to mobilize Ca2" was tested with TLC-S. The presence of antibody to PtdInsP2 within the cell had no effect on the TLC-S-evoked rise in the Ca2+-dependent K+ conductance. As explained above, there are two main patterns in the noradrenaline responses. Both of them are reproduced by bile acids [7] . The ability of TLC-S to produce regular spikes of Ca2+ is rather striking. Low TLC-S concentrations (100 /LM) with no effect on the InsP3 production [7] are able to mimic the noradrenaline-evoked rises in [Ca2+]1. The effects of the anti-PtdInsP2 antibody on the shape of the responses induced by TLC-S are shown in Fig. 2 . As in Fig. 1, kt3g (100 ,tg/ml) was introduced into the cell via the patch pipette. In these experiments, the responses to noradrenaline were blocked within the first -4 min after going to whole-cell recording configuration, whereas control cells from the same dish without antibodies responded to noradrenaline on the same day. The application of 100 IuM-TLC-S to two different hepatocytes gave rise to the two patterns of responses. In the first (Fig. 2a) , we observed a sustained plateau phase with fast fluctuations of [Ca2+1,. In the second (Fig. 2b) (Fig. 2c) , and elicited the usual large rise in the Ca2+-dependent K+ conductance. This showed that bile acids could evoke large and fluctuating rises in [Ca2+] .
in the absence of external Ca2+ and in the absence of any InsP3
production. This also confirmed previous work on suspensions of rat hepatocytes which showed that the bile-acid-induced rise in [Ca2+]1 measured with a fluorescent dye was independent of external Ca2+ [5] . The bile acids also have been shown to have no effect on Ca2+ permeability of the plasma membrane of rat liver cells [16] .
The anti-PtdInsP2 antibody had no effect on the InsPJ receptor itself. The response to a photolytic release of InsP, from a caged precursor [11, 17] introduced into the ceU together with 50 fig of the antibody/ml was not affected, whereas in the same cell the noradrenaline-evoked response was totally blocked (Fig. 3) . is located in the plasma membrane and only half of it is sensitive to the hormone-stimulated phospholipase C [22] . However, if the TLC-S effects are linked to a Ca2+-dependent activation of the InsP3 receptors, the origin of the Ca2+ which primes the effect remains unclear and,cannot be related to an obvious effect of the monohydroxylated bile acids on the Ca2+ permeability of plasma membrane or mitochondria [6] . [24, 25] ) including liver cells [26] . This heterogeneity of microsomal Ca2+ stores has been confirmed by immunocytochemistry in chicken Purkinje neurons [27] . The fact that TLC-S can release more Ca2+ than does InsP3
DISCUSSION
indicates that the bile acid possibly opens specific channels permeable to Ca2+ and produces Ca2+ efflux from both InsP3-sensitive and InsP,-insensitive non-mitochondrial Ca2+ stores.
This would then suggest that Ca2+ ions could regulate their own release and re-uptake by the Ca2+ stores in liver cells.
In conclusion, our results show that [Ca2+], fluctuations can be produced independently of InsP3 production, and therefore that they may be linked to an intrinsic property of the intracellular stores to regulate their own Ca2+ permeability.
